ABSTRACT OUGH, C. S. (University of California, Davis). Acetaldehyde formation in submerged cultures of nonfilm-forming species of Saccharomyces. Appl. Microbiol. 9:316-319. 1961.-Three different yeasts of the species Saccharomyces cerevisiae ferment ethyl alcohol to acetaldehyde aerobically and produce "flor" character in a wine medium with submerged culture techniques. Three pounds per square inch gauge (psig) of oxygen instead of 15 psig of air permitted fermentations to proceed, though slightly slower in the series tested, and reaching slightly lower total aldehydes.
species Saccharomyces cerevisiae ferment ethyl alcohol to acetaldehyde aerobically and produce "flor" character in a wine medium with submerged culture techniques. Three pounds per square inch gauge (psig) of oxygen instead of 15 psig of air permitted fermentations to proceed, though slightly slower in the series tested, and reaching slightly lower total aldehydes.
In Spain "flor" sherry has been produced for many centuries by growing yeast films on the surface of wines. These wines are kept, with the growth of flor yeast, in small butts for many years before the "flor character" is fully developed. Sensory examination of the wine is the only criterion for measuring the flor character imparted to these wines. Coincidental to the development of flor character is the accumulation of acetaldehyde. This second product can be measured chemically and appears to be produced at a similar rate as the "flor character," although the two products are not one and the same.
Standard methods of submerged-culture fermentations of ethyl alcohol with Saccharomyces beticus (a film-forming, aerobic, alcohol-fermenting yeast) that produce aldehydes and flor character in wines at a very rapid rate have been reported on by Amerine (1958) and Amerine (1958, 1960 Nearly all past work in the fermenting of ethyl alcohol to acetaldehyde in wine making has been done with species of Saccharomyces that form films. Many people concluded that only this type would produce flor character in wine. However, it will be shown that species of Saccharomyces that are not film formers will carry out the aerobic ethyl alcohol to acetyldehyde fermentation is submerged culture and give the desired flor character as well. The formation of acetaldehyde from ethyl alcohol would be expected, under the proper conditions, with any yeast that felmented glucose (or other fermentable sugars) to ethyl alcohol since acetaldehyde is the precursor to the ethyl alcohol. The main reason this has not been shown to any extent is that the conditions necessary to cause the reversal of the "normal" fermentation are rather odd in that getting any rapid or large accumulations of the desired products depends on maintaining a given concentration of oxygen in the medium, keeping the yeast suspended and viable, and apparently dividing.
Wines allowed to become excessively aerated will have aldehydes formed in them to the extent of 100 to 150 mg per liter. This is considered bad, and the wines are classified as spoiled. In such cases the reactions described above are taking place very slowly. It is necessary to get the aldehydes over 150 to 250 mg per liter before flor character is developed.
Crowther indicated that the flor character may be an aldehyde or a loosely bound compound of aldehyde with some other substance. He showed that as low as 35 mg per liter additions of sulfur dioxide will remove flor character from wine.
ACETALDEHYDE FORMATION IN SACCHAROMTYCES
This report describes the results of several experiments with non-film-forming yeasts of several strains of Saccharomyces cerevisiae. Also reported on are results of experiments using oxygen at a lower pressure in place of air to furnish the necessary oxygen pressure.
MATERIALS AND METHODS Fermentation equipment and, conditions. The tanks used for part of the fermentations, fully described by Amerine (1953) , were 90-liter stainless steel, equipped with baffled variable speed stirrers. The tanks for the tests fermented under oxygen pressure were 10-gallon Lastiglas (epoxy-baked resin) coated (Fig. 1) . Agitation was maintained by stirring 5 min per hour at 297 rev/ min in the large tanks, and by pumping-over 5 min per hour at 2 gallons per min in the small tanks. Air and oxygen pressures were regulated to :4:14 psig oxygen at 3 psig and the air at 15 psig. No throughput of oxygen was allowed. In the air-pressure fermentations about 0.1 liter per min of air was allowed to escape continuously.
Media. Used as a medium for these alcohol-to-aldehyde fermentations were wines fermented to dryness (all fermentable sugar used), made from Palomino grapes grown in the University vineyard at Davis. Analyses. Analytical methods were those described previously by Amerine (1955) .
RESULTS AND DISCUSSION The fermentation with S. beticus went in a normal manner. The fermentation curve (Fig. 2) shows a period of acclimatization and then a very rapid period of aldehyde production until a maximum is reached. The acclimatization period has been discussed by Ough and Amerine (1960) , and indications are that the yeast has to become adapted to the aerobic conditions. The yeast is viable but does not reproduce in this period; then, as it starts to reproduce, the aldehyde level increases sharply. If this acclimatized yeast is transferred to fresh medium there is no lag in the formation of aldehydes.
Strain no. 522 of S. cerevisiae var. ellipsoideus appeared to need less acclimatization. Aldehyde production went up rapidly as soon as it was put into the media (Fig. 3) .
Starting a fermentation with the yeast S. cerevisiae var. ellipsoideus no. 508 (Fig. 4) , indicated a shorter acclimatization period than for the S. beticus. The starting culture had only a slight delay and the transfer culture fermented reasonably rapidly to 675 mg per liter of aldehyde.
Using baker's yeast gave a starting time similar to that for S. beticus: after 30 days, accumulation of aldehydes were rapid (Fig. 5) -mented quite rapidly and produced a high amount of ,aldehyde in a short time (1250 mg per liter in 8 days).
The fermentations discussed above were done at 15 -psig of air pressure. The chemical constituents of primary concern are given in Table 1 Fig. 6 ). Results were as in the previous experiments except that the starting period for this yeast was not as short. However, in this instance the transfer was successful and aldehyde production was typical except that the rate and total aldehyde concentration were slightly depressed. Previous experiments with 5 psig of air showed only very slight fermentation (Ough and Amerine, 1958) .
All fermentations at 15 psig air produced typical flor character in the wine as judged by three experienced judges. No basic differences in odor could be found except for a slightly more fruity odor in the fermentations that went very rapidly. Later tastings indicated that the fermentations with baker's yeast gave "off" flor character tastes to the wine.
Certain practical advantages can be realized by using a non-film-forming yeast for such fermentations. A film-forming yeast is always a possible contaminant for other still wines in a cellar, and is sometimes difficult to control. Further, the particular yeast S. beticus is difficult to maintain in slant form since its viability decreases rapidly on agar media.
If this method of production of flor wines is followed up on a large scale by the industry or is adapted to acetaldehyde production on a commercial basis, one advantage of using oxygen rather than air can be realized by making tank construction cheaper because of reduced pressure. In the long run it is questionable if this would offset the difference in cost between oxygen and air.
CONCLUSIONS
This work demonstrates that aldehyde production and resulting flor character produced by aerobically fermenting yeast is not restricted to the film-forming yeasts similar to S. beticus but that at least three nonfilm-forming yeasts of the species S. cerevisiae will give the same results. It also indicates that "flor" aroma is a fermentation product.
A pressure of 3 psig of oxygen has been shown to cause the fermentations to continue for a reasonable time, indicating that cheaper tank construction could be used, although costs for oxygen versus air might offset the savings.
